ON THE DEFINITION OF THE IDEAL GAS.
By Edgar Bucidngham.
I . Nature and purpose of the definition. -The notion of the ideal gas is that of a gas having particularly simple physical properties to which the properties of the real gases may be considered as approximations; or of a standard to which the real gases may be referred, the properties of the ideal gas being simply defined and the properties of the real gases being then expressible as the properties of the standard plus certain corrections which pertain to the individual gases.
The smaller these corrections the more nearly the real gas approaches to being in the "ideal state." This conception grew naturally from the fact that the earlier experiments on gases showed that they did not differ much in their physical properties, so that it was possible to define an ideal standard in such a way that the corrections above referred to should in fact all be ''small" in T=constx6' (12) and equation (4) Evidently, therefore, it is highly desirable that our ideal standard shall be so defined as to insure the validity of equation (13) From equation (22) we can compute the value of the GayIvUssac effect for any fluid for which we know the p,6 relation.
In particular, let the fluid be a gas which satisfies equation (13) .
We have at once, by differentiation and substitution in equation (22),
SO that equation (14) If the plug is sufficiently fine grained, the gas issues from it uniformly and quietly at a pressure somewhat lower than that at which it entered the plug. During the change of state of a given mass of gas which consists in passing through the plug from the higher to the lower pressure, the following equation must be fulfilled:
Heat put in = increase of energy + work given out.
The work done on i gram of gas, while it is entering the plug, by the gas behind it, is evidently the product of its specific volume and the constant pressure to which it is subject, or pv. As the gas issues from the plug, the work it does on the gas ahead of it is, similarly, Let us now specialize by assuming the rate of supply or withdrawal of heat to be such as to prevent the gas from changing in temperature as it flows through the plug; then equation (27) reduces to Let the heat supplied to unit mass of gas per unit fall of pressure be denoted by p, so that^Q =p { -^p ) or (29) The quantity p is known as the "Joule-Thomson or Joule-Kelvin effect." Equation (28) may now be wTitten which is merely a mathematical way of saying that as the gas flows through the plug the rate of absorption of heat equals the rate of increase of internal energy plus the rate of doing outside work.
Returning now to our former definition of the ideal gas, we see that if Boyle's law holds, the last term of equation (30) By taking the value om §~) from equation (22), and utilizing the the relation^( IKmKII),=-' (35) equation (34) As regards insuring the validity of equation (13) (42) shall represent the behavior of the gas. In other words, the tt of equation (50) can not in general be identified with the tt of equation (42) , and the cohesion pressure defined by (50) In Gay-Lussac's free expansion experiments, work was done by the part of the gas that finally remained in the original vessel on the rest of the gas, which passed over into the second vessel; but no work was done on anything outside. Diuring the rush of gas which followed the opening of the stopcock between the two vessels some kinetic energy was produced, but this was soon dissipated by viscosity and the mean temperature of the gas was fovmd to be unchanged, the temperature in the first vessel having fallen as much as that in the second vessel had risen.
In isothermal expansion through a porous plug by a gas that obeys Boyle's law. the phenomena are simpler. As in the Gay-Lussac experiment, no external work is done by the gas since fni does not change. But in addition to this, no one part of the gas does or has done on it more work than another, since the flow is steady and continuous. Fiu-thermore, no sensible kinetic energy is generated, if the plug is sufficiently fine-grained, the dissipation corresponding to that of the eddy ciurents in Gay-Lussac's experiment taking place in the plug itself and dmnng the expansion, whereas in GayLussac's experiment the dissipation was, in part at all events, subsequent to the expansion. Hence, for a gas that obeys Boyle's law the Joule-Kelvin experiment, when performed isothermally, is equivalent to but somewhat simpler than the Gay-Lussac experiment.
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